**Core tip:** The expression of microRNAs in serum is stable and can be reproducibly detected, and they have the potential to be biomarkers for type 2 diabetes. We built a multi-parameter diagnostic model containing miR-148b, miR-223, miR-130a, and miR-19a. In the validation set, the area under curve of this model for the detection of type 2 diabetes was 0.90, and the sensitivity and specificity were 78.36% and 87.63%, respectively. This diagnostic model may be a novel tool for the detection of type 2 diabetes.

INTRODUCTION
============

Type 2 diabetes (T2DM) is a common chronic disease worldwide\[[@B1]\]. It is related to insulin resistance and often leads to serious adverse effects on organs, such as cardiovascular disease, nephropathy, retinopathy, and nerve damage\[[@B2]\]. According to the estimation of the International Diabetes Association, there will be more than 500 million people with diabetes in 2030. In China, which has undergone improvements in quality of life and eating habits, the incidence of T2DM in adults over 18 years of age is 10.4%, and that in individuals over 60 years of age is above 20%. Among diabetes cases in China, T2DM accounts for more than 90.0%\[[@B3],[@B4]\]. Although clinical treatments for T2DM, such as the routine use of glucose-lowering drugs, are mature, the etiology and pathogenesis of T2DM remain unclear. In clinical practice, sensitive, novel, and accurate biomarkers for the detection of physiological changes in T2DM at an early stage are urgently needed.

Currently, the most common diagnostic criteria and classification criteria for T2DM in China are fasting plasma glucose level and 2-h glucose level after a 75 g glucose load, which were recommended in guidelines from the World Health Organization in 1999\[[@B5]\]. The clinical diagnosis of diabetes should be made based on venous plasma glucose levels and not the results of a capillary blood glucose test. After meeting the diagnostic criteria for diabetes, a diagnosis based on etiological evidence is performed. In addition, triglyceride level, total cholesterol level, apolipoprotein level, creatinine level, lack of physical activity, diet, smoking, high waist-to-hip ratio, high blood pressure, and genetic risk factors have been demonstrated to be related to the development of T2DM\[[@B6]\]; however, the biomarkers among these factors are usually detected during metabolic imbalance and cannot be used to assess T2DM susceptibility. With the rapid development of molecular detection methods, single nucleotide polymorphisms, DNA methylation, microRNAs (miRNAs), mRNAs, proteomes, metabolomes, and exosomes have been demonstrated to be potential biomarkers for various cancers\[[@B7]-[@B9]\]. MiRNAs are found not only in the cell but also outside the cell, including body fluids, such as serum, saliva, and nasal secretions. Extracellular miRNAs were demonstrated to be stable in serum or plasma due to their presence as protein complexes. Abnormal expression of miRNAs is related to the occurrence and development of many diseases, such as cancer and T2DM\[[@B10]-[@B15]\]. MiRNAs in the serum or plasma are stable, can be reproducibly detected, and therefore have the potential as novel biomarkers for a variety of diseases.

Many previous studies have demonstrated that miRNAs are related to the occurrence and development of T2DM. MiR-375 and miR-9 were found to be increased in the peripheral blood of patients with pre-diabetes and T2DM and positively related to blood glucose levels\[[@B16]\]. MiR-192 and miR-194 were also shown to be related to the development of T2DM\[[@B17]\]. By Solexa sequencing, miR-126-3p, miR-28-3p, and miR-486-5p were found to be present only in pre-diabetes\[[@B18]\]. In addition, miR-184, miR-182-5p, and miR-127-3p are involved in insulin biosynthesis and secretion, and miR-125, miR-29, miR-103/107, and miR-15a are involved in insulin resistance. By meta-analysis of reports from the PubMed, ENBASE, and ISI Web of Science databases and three Chinese databases, miR-148b, miR-223, miR-130a, miR-19a, miR-26b, and miR27b were found to be potential biomarkers for T2DM\[[@B19]\].

In the present study, we detected miR-148b, miR-223, miR-130a, and miR-19a levels in the sera of healthy controls, individuals with impaired glucose regulation, and T2DM patients by real-time polymerase chain reaction (PCR). By detecting and analyzing the levels of individual and multi-parameter biomarkers, we aimed to build a multi-parameter diagnostic model for the early detection of T2DM.

MATERIALS AND METHODS
=====================

Samples
-------

All the individuals assessed in our study signed written informed consent forms, and this study was approved by the Ethics Committee of the Third Affiliated Hospital of Inner Mongolia Medical University (Inner Mongolia Baogang Hospital). The diagnosis of T2DM was based on blood glucose levels and clinical symptoms. Criteria for the diagnosis of T2DM were announced by the World Health Organization and International Diabetes Federation in 1999 and approved by the Diabetes Association of the Chinese Medical Association. With typical symptoms, the criterion for a diagnosis of T2DM is a fasting blood glucose level of 7.0 mmol/L or a postprandial blood glucose level ≥ 11.1 mmol/L. Without typical symptoms, when a fasting blood glucose level of 7.0 mmol/L or a postprandial blood glucose level of 11.1 mmol/L is measured, the measurement should be repeated, and those who still exhibit the above values can be diagnosed with T2DM. Only those exhibiting a fasting blood glucose level of 7.0 mmol/L or a postprandial blood glucose level of 11.1 mmol/L and a plasma glucose level of 11.1 mmol/L 2 h after the glucose tolerance test were diagnosed with T2DM. A diagnosis of impaired glucose regulation was based on the following criteria. If the plasma glucose level was between 7.8 and 11.1 mmol/L for 2 h in the glucose tolerance test, glucose tolerance was impaired; if the plasma glucose level was 6.1-7.0 mmol/L, fasting glucose was impaired. Healthy controls were enrolled from a physical examination center with the following criteria: Normal examination, not pregnant, not lactating, no history of chronic disease, no history of long-term medication, normal hematuria, normal blood glucose, normal liver function, normal kidney function, normal electrocardiogram, and normal chest radiograph examination. Sixty-eight healthy controls, 91 individuals with impaired glucose regulation, and 102 T2DM patients were used for diagnostic model validation in our study. Eighty-seven individuals with impaired glucose regulation and 113 T2DM patients were used for diagnostic model training in our study. Age and sex were matched between the three groups.

Serum collection and real-time polymerase chain reaction detection
------------------------------------------------------------------

Fasting blood was collected, and the serum was aliquoted after centrifugation and stored in a refrigerator at -80 °C. Total RNA was isolated from 200 μL of serum using the mirVana PARIS kit (AM1556, Ambion) according to the instructions. The A260/A280 value was calculated to assess the quality of the total RNA. DNase I was used to remove DNA. A TaqMan microRNA RT kit (4366596, Ambion) was used for reverse transcription. The reverse transcription reaction contained 2.08 μL of DEPC-treated water, 0.75 μL of 10 × reverse transcription buffer, 0.095 μL of reverse transcription inhibitor, 0.075 μL of dNTPs, 0.5 μL of reverse transcriptase, 1.5 μL of 20 × miRNA-specific primer, and 2.5 μL of total RNA. The reverse transcription procedure was as follows: 16 °C for 30 min, 42 °C for 30 min, and 85 °C for 5 min. Real-time PCR reactions to detect miR-148b (assay ID: 000471, Thermo Fisher), miR-223 (assay ID: 002098, Thermo Fisher), miR-130a (assay ID: 000454, Thermo Fisher), and miR-19a (assay ID: 000395, Thermo Fisher) included 4.5 μL of water, the PCR product, 5.0 μL of TaqMan Gene Expression Master Mix, and 0.5 μL of 5 × TaqMan microRNA assay buffer. The ABI PRISM 7300 system was used to detect the miRNAs, and the amplification program was 95 °C for 5 min and then 40 cycles of 95 °C for 15 s and 60 °C for 1 min. The internal reference miRNA was U6, and the 2^-ΔΔCt^ method was used to calculate the relative expression of miRNAs.

Statistical analysis
--------------------

SPSS 22.0 was used for statistical analyses. The normality test was performed first to assess the data distribution. If the data were normally distributed, the *t*-test was used. If the data was non-normally distributed, pairwise comparison was performed using the nonparametric Mann-Whitney method. Multi-group comparison was performed using the Kruskal-Wallis method. The diagnostic value of serum miRNAs was evaluated using the receiver operator characteristic curve and the area under curve (AUC). Multi-parameter evaluation of serum miRNAs was carried out by binary logistic regression. AUC comparison of multi-parameter and individual biomarker evaluation was performed using the Z-score test. *P* \< 0.05 indicated statistical significance.

RESULTS
=======

Comparison of miR-148b, miR-223, miR-130a, and miR-19a levels in healthy controls, impaired glucose regulation group, and T2DM group
------------------------------------------------------------------------------------------------------------------------------------

The median (25%, 75%) relative expression levels of miR-148b, miR-223, miR-130a, and miR-19a in the healthy control group, impaired glucose regulation group, and T2DM group are shown. As shown in Figure [1](#F1){ref-type="fig"}, the relative expression of miR-148b, miR-223, miR-130a, and miR-19a in the three groups was 0.82 (0.62, 1.22), 2.69 (1.94, 3.27), and 3.25 (2.10, 5.50); 1.03 (0.87, 1.13), 0.91 (0.60, 1.41), and 1.76 (1.40, 2.11); 0.84 (0.78, 0.93), 1.05 (0.85, 1.20), and 1.41 (1.20, 1.62); and 1.20 (0.90, 1.50), 1.19 (1.01, 1.65), and 2.27 (2.08, 2.36), respectively. Compared with those in the healthy control group, miR-148b and miR-130a levels in the impaired glucose regulation group were significantly different (*P* \< 0.05). MiR-148b, miR-223, miR-130a, and miR-19a were significantly different in the T2DM group compared with the other groups (*P* \< 0.05). MiR-148b, miR-223, miR-130a, and miR-19a expression was significantly different in the T2DM group compared with the impaired glucose regulation group (*P* \< 0.05).

![Comparison of miR-148b, miR-223, miR-130a, and miR-19a in the three groups. A: miR-148b; B: miR-223; C: miR-130a; D: miR-19a. HC: Healthy controls; IGR: Impaired glucose regulation; T2DM: Type 2 diabetes.](WJCC-8-1923-g001){#F1}

Diagnostic value of miR-148b, miR-223, miR-130a, and miR-19a for discriminating between impaired glucose regulation and T2DM
----------------------------------------------------------------------------------------------------------------------------

In clinical practice, biomarkers for discriminating between impaired glucose regulation and T2DM are important. In our study, the diagnostic value of miR-148b, miR-223, miR-130a, and miR-19a for discriminating between impaired glucose regulation and T2DM was evaluated. As shown in Figure [2](#F2){ref-type="fig"}, the AUCs of miR-148b, miR-223, miR-148b, and miR-148b, each alone, for the discrimination between impaired glucose regulation and T2DM were 0.64 (0.56, 0.722), 0.84 (0.77, 0.90), (0.69, 0.84), and 0.83 (0.76, 0.90), respectively (*P* \< 0.05 for all). The four biomarkers showed potential as biomarkers in clinical practice. Among the four miRNA biomarkers, miR-223 had the best diagnostic value, and when the cutoff was 1.32, its sensitivity and specificity were 73.37% and 81.37%, respectively.

![Receiver operator characteristic curve analysis of miR-148b, miR-223, miR-130a, and miR-19a for discriminating the impaired glucose regulation and type 2 diabetes groups. A: miR-148b; B: miR-223; C: miR-130a; D: miR-19a.](WJCC-8-1923-g002){#F2}

Multi-parameter diagnostic model building to discriminate between impaired glucose regulation and T2DM and model validation
---------------------------------------------------------------------------------------------------------------------------

Sixty-eight healthy controls, 91 individuals with impaired glucose regulation, and 102 T2DM patients were used for diagnostic model training. First, the four miRNAs were analyzed alone. Then, binary logistic regression was used for multi-parameter analysis of the four miRNAs. As shown in Figure [3A](#F3){ref-type="fig"}, the AUC for multi-parameter analysis was 0.90 (0.86, 0.94). Compared with the AUC for the best diagnostic biomarker, miR-223, alone, the AUC for multi-parameter analysis was significantly different (*P* \< 0.05), and the sensitivity and specificity were 78.82% and 88.23%, respectively. After multi-parameter diagnostic model building with miR-148b, miR-223, miR-130a, and miR-19a, 87 individuals with impaired glucose regulation and 113 T2DM patients were independently used for diagnostic model validation. As shown in Figure [3B](#F3){ref-type="fig"}, the AUC was 0.88 (0.83, 0.94), and the sensitivity and specificity were 78.36% and 87.63%, respectively.

![Receiver operator characteristic curve analysis of the multiparameter diagnostic model consisting of miR-148b, miR-223, miR-130a, and miR-19a for discriminating the impaired glucose regulation and type 2 diabetes groups. A: Receiver operator characteristic curve of multiparameter diagnostic model training; B: Receiver operator characteristic curve of multiparameter diagnostic model validation.](WJCC-8-1923-g003){#F3}

DISCUSSION
==========

T2DM is a metabolic syndrome characterized mainly by hyperglycemia. Decreased islet β cell function and insulin resistance are the main pathophysiological features in the pathogenesis of T2DM. Studies have demonstrated that miRNA disorders are involved in β cell development, insulin sensitivity, insulin resistance, insulin production, insulin secretion, and insulin signaling pathways and finally lead to the development of T2DM\[[@B20]\]. MiR-338-3p was found to be significantly decreased in T2DM and related to impaired insulin resistance. MiR-15a has been shown to be involved in the pathogenesis of T2DM. Plasma miR-15a is increased in T2DM patients, and miR-15a plays an important role in insulin production. Both miR-1249 and miR-486-5p were significantly decreased in the plasma of patients with T2DM, and these two miRNAs may be diagnostic markers and therapeutic targets for T2DM. MiR-126 was significantly decreased in the sera of T2DM patients and is also considered a potential diagnostic marker for T2DM\[[@B21]\]. We aimed to evaluate these four miRNAs that showed potential diagnostic value for T2DM in the serum to build a multi-parameter diagnostic model.

MiR-148b was reported to be a promising biomarker for T2DM. One target of miR-148b is DNMT1, a very important enzyme for DNA methylation. DNA methylation is involved in regulating β-cell formation. The mechanism by which miR-148b regulates T2DM may be through its regulation of DNA methylation\[[@B22]\]. MiR-148b was also reported to be a promising biomarker for breast cancer\[[@B23]\]. In our study, miR-148b was significantly increased in the T2DM group. This finding is inconsistent with the results of previous studies, possibly because the internal control was inconsistent and the enrolled patients differed. A previous study reported that miR-223 was increased in the islets of both diabetic mice and humans and that miR-223 deficiency significantly suppressed β-cell proliferation and insulin secretion. By inhibiting forkhead box O1 and SRY-box 6 signaling, its overexpression could promote β-cell proliferation and function\[[@B24]\]. MiR-223 was recognized as an important factor for maintaining β-cell mass and metabolic stress. It was also reported to be related to obesity and cardiovascular disease, which are related to T2DM\[[@B25],[@B26]\]. In addition, miR-223 was reported to be associated with positive responses to T2DM treatment. In our study, we also demonstrated that miR-223 has potential diagnostic value for T2DM\[[@B27]\]. MiR-130a was significantly decreased in endothelial progenitor cells from patients with T2DM. Furthermore, miR-130a targets Runx3, which negatively regulates endothelial progenitor cell function. In addition, it also positively regulates the ERK/vascular endothelial growth factor and Akt1 pathways\[[@B28]\] and negatively regulates the c-Jun N-terminal kinases pathway by targeting MAP3K12\[[@B29]\]. MiR-130a plays an important role in endothelial progenitor cell function and is related to T2DM\[[@B30]\]. In addition, it is involved in the proliferation of vascular smooth muscle cells in hypertension, hepatic insulin sensitivity, and liver steatosis\[[@B31],[@B32]\]. In our study, miR-130a also showed potential diagnostic value for T2DM. By targeting tissue factor transcripts, miR-19a reduces tissue factor expression in both endothelial and monocytic cells, and tissue factor was demonstrated to be related to antiphospholipid syndrome and systemic lupus erythematosus\[[@B33]\]. MiR-19a may be involved in tissue factor-mediated thrombogenicity in T2DM. In addition, miR-19a is involved in vascular smooth muscle cell function, insulin resistance, and rapamycin treatment\[[@B34]-[@B36]\]. In our study, miR-19a levels in the T2DM group were significantly different, and these results are consistent with those of previous studies.

Although we have built a miRNA diagnostic model for the detection of T2DM, there were still some limitations to our study. First, we evaluated only four miRNAs based on the results of previous meta-analysis, and the other miRNAs were not detected in our study. Second, although we have trained and validated the multi-parameter diagnostic model, the sample size was so small that the results cannot sufficiently reflect the real diagnostic value. Third, we evaluated only the diagnostic value, and the specific mechanism by which the miRNAs are involved in T2DM was not explored.

In summary, we have successfully built a multi-parameter diagnostic model consisting of miR-148b, miR-223, miR-130a, and miR-19a for the detection of T2DM. These miRNAs may be potential biomarkers for the early detection of T2DM.

ARTICLE HIGHLIGHTS
==================

Research background
-------------------

Sensitive, novel, and accurate biomarkers for the detection of physiological changes in type 2 diabetes (T2DM) at an early stage are urgently needed. MicroRNAs (miRNAs) are found not only in the cell but also outside the cell, including body fluids, such as serum, saliva, and nasal secretions. Extracellular miRNAs were demonstrated to be stable in serum or plasma due to their presence as protein complexes. Abnormal expression of miRNAs is related to the occurrence and development of many diseases, such as cancer and T2DM.

Research motivation
-------------------

MiRNAs in the serum or plasma are stable, can be reproducibly detected, and therefore have the potential as novel biomarkers for a variety of diseases, include T2DM.

Research objectives
-------------------

This study aimed to build a multi-parameter diagnostic model for the early detection of T2DM.

Research methods
----------------

MiR-148b, miR-223, miR-130a, and miR-19a levels were detected in serum of healthy controls, individuals with impaired glucose regulation, and T2DM patients. The detection value of these miRNAs, alone and in combination, was analyzed.

Research results
----------------

The area under the curve of miR-223, which had the best diagnostic value for discriminating the impaired glucose regulation and T2DM groups, was 0.84, and the sensitivity and specificity were 73.37% and 81.37%, respectively. The area under curve of the four-miRNA signature was 0.90, and the sensitivity and specificity were 78.82% and 88.23%, respectively.

Research conclusions
--------------------

In this study, the authors built a multi-parameter diagnostic model containing miR-148b, miR-223, miR-130a, and miR-19a for the detection of T2DM. It may be a potential tool for the early detection of T2DM.

Research perspectives
---------------------

The specific mechanism by which the miRNAs are involved in T2DM can be explored in the future.
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